Introduction
[1] Lu et al. [2005] want to limit the amplitude of parallel currents in standing Alfven waves by having a new ionization term triggered by strong electric fields. The underlying logic seems to be that if the parallel currents are unable to close because the Pedersen conductivities are small, a perpendicular electric field, E ? , will build up. The strong E ? will pump up the electron temperatures, T e , through frictional heating from collisions with the neutrals. The hot electrons will then introduce appreciable ionization by overcoming the ionization potential of the ambient atoms and molecules. For large enough E ? the ionization would become so effective that the conductivity would increase at the same pace as E ? , causing the Pedersen currents to increase rapidly, thereby strongly slowing down any further increase in the E ? .
[2] I see many difficulties with this thesis. For one thing, the authors argue that 40 to 50 mV/m perpendicular fields heat the electrons to 10000 K (1eV). This result flies in the face of ionospheric observations and is obtained because T e is not properly calculated. Secondly, as far as I am concerned, the ionization mechanism is overestimated substantially: even if T e was as high as the authors claim, there would still be only an infinitesimal amount of extra ionization created. Thirdly, the nature of the parallel currents is not clear: I would think that with Alfven waves, we deal with soft electrons. However, soft electrons are stopped at 200 km and above. It would therefore seem that current closure would have to take place at 200 km or above. If closure is done lower down, then, how are the currents reaching 120 km? Are parallel ionospheric E fields required? Finally, if parallel fields are not used and closure is to take place in the F region, we have another problem: when E ? becomes large, the F region ionization goes down, not up, owing to the fact that ion frictional heating with large E ? fields produces hot O + ions which rapidly turn into NO + and recombine.
Ionospheric Electron Temperatures at High Latitudes
[3] Below 200 km, where electrons collide mostly with neutrals, E ? fields of the order of 50 mV/m do not, by themselves, produce measurable T e enhancements. This is easy to see by looking at T e with incoherent scatter radars at high latitudes in the presence of strong E ? between 120 and 200 km altitudes. For instance at 60 mV/m T e above 130 km does not look any different from when there is no electric field present [St.-Maurice et al., 1999] . There may possibly be a 200 K increase above the normal value if the electric field reaches around 90 mV/m [Schlegel and St.-Maurice, 1981] . This is a far cry from 10000 K even with E ? double the value considered by Lu et al. [2005] .
[4] The reason why the authors' computation of T e is too large by 2 orders of magnitude is that the authors have neglected inelastic collisions with the neutrals. They use the elastic electron cooling rate, 2n e (T e À T n )m e /m n , when they should use inelastic cooling rates, which are roughly 150 times larger [e.g., Gurevich, 1978; Nagy, 2000, 1978; St.-Maurice, 1990; Robinson, 1986; Dimant and Milikh, 2003; Pavlov, 1998a Pavlov, , 1998b . For this reason, Lu et al. [2005] , [2005, equation ( 3)] yields T e values roughly 150 times larger than they should be.
[5] Nevertheless, between 100 and 120 km altitude, Schlegel and St.-Maurice [1981] and Wickwar et al. [1981] have discovered that T e deviates measurably from T n when E ? exceeds 40 mV/m. The increase goes up steadily with E ? so that T e reaches roughly 3000 K by the time E ? reaches 125 mV/m. For E ? % 50 mV/m, T e % 1000K. This is one order of magnitude less than what Lu et al. [2005] want. In addition, one has to recall that the heating is limited to a region roughly 10 km thick centered around 110 km altitude. The heating source is electrostatic plasma waves produced by powerful Hall currents under strong electric field conditions [Schlegel and St.-Maurice, 1981; Robinson, 1986; Dimant and Milikh, 2003 ].
Can T e Create Conductivity Enhancements?
[6] Lu et al. [2005] also claim that hot electrons can accelerate the ionization rate simply by having enough electrons in the tail of the distribution cause ionization. To this goal they assume the ionization potential in the ionosphere is 8 eV, where the ratio of the ionization to elastic collision cross-section is taken to be 10%. However, the fact is that it takes an absolute minimum of 15.6 eV to ionize N 2 , 12.1 eV to ionize O 2 and 13.6 eV to ionize O [e.g., Rees, 1989] . Given the dominance of N 2 in the region of interest we can conclude that an absolute minimum of 15 eV is needed on average. However, once we fold-in additional cross-sectional considerations [Rees, 1989] we actually require 25 eV in order for 10% of the collisions to ionize the medium. So, if Lu et al. [2005] want to use n ioniz = 0.1n e exp(Àf/T e ), the ionization rate is more than 10 6 (or [7] There would be another way for T e to enhance conductivities, through a decrease in the electron recombination rate. The latter depends on T e Àa where a is of the order of 0.7 [Sheehan and St.-Maurice, 2004] . For a given production rate, a tripling of T e (E ? % 60 mV/m, roughly what the authors want) could enhance the densities by roughly 45%, still nowhere near what Lu et al. [2005] are looking for. The relatively modest density increase in response to T e has in fact been observed during a sunrise event in the absence of precipitation, when a large increase in E ? and T e at 115 km were seen [St.-Maurice et al., 1999] .
Other Problems With the Ionospheric Modelling
[8] It is hard to figure out how the authors are modelling their ionosphere. For instance, they chose m n = 2m i , and yet the dominant E region ions are O 2 + and NO + while the dominant neutral is N 2 . Higher up there is a transition to an O atmosphere and O + ions. Therefore the only appropriate choice for the exercise at hand is m n = m i . Another difficulty arises when we read that ''the height of the ionosphere is assumed to be 10 km and the ionospheric boundary layer is placed at an altitude of 80 km''. The ionosphere, even as a boundary layer, should be much thicker than 10 km and, certainly, should be put at 120 km if ion Pedersen conductivities matter so much to the authors. Also, we read that the ion energy balance is between Joule heating (friction in fact) and conduction when it is well known to involve friction and heat exchange everywhere below 300 km [Schunk and Sojka, 1982; St.-Maurice and Hanson, 1984; Schunk and Nagy, 2000] .
What is the Electrodynamical Response of the Ionosphere in FLR?
[9] The authors' focus is Alfven waves and FLRs. This suggests that the precipitating electrons should have about 300 eV. These electrons are stopped near 200 km altitude [Rees, 1989; Jones, 1974] . This at first sight should mean that current closure has to be near 200 km. However, Pedersen conductivity is weak at that height and closing lower down is more desirable. But, in order to close in the E region, the parallel currents between 200 km and 120 km must now be carried by thermal electrons. This, however, can only be done if parallel E fields are generated. However, parallel fields can also send thermal electrons up instead of down, thereby reducing the parallel currents instead of taking them lower down. The point is: there is a need for a systematic modelling of the ionospheric electrodynamics even for this 2-D problem. Using the work of Lummerzheim [1987] , at least two such distinct 2D models have now surfaced to calculate the ionospheric response to magnetospherically-induced precipitation and parallel currents as well as to ambient electric fields: Zhu et al. [2001] have modeled the ionospheric response to the passage of an Alfven wave through the medium, while Noël et al. [2000] have focused on a self-consistent response of the ionosphere on time scales of minutes. In the latter case a self-consistent response of the ionosphere generates parallel and perpendicular fields and parallel currents carried by thermal particles inside and around an arc, for any desired latitudinal distribution, any precipitating energy spectrum and any initial condition, i.e. any magnetospheric input that one wishes to impose. The effects of electron heating by plasma waves on the conductivity and on the currents and electric fields has even been integrated in a recently submitted paper (J. M. Noël et al., The effect of E-region wave heating on electrodynamical structures, submitted to Annales Geophysicae, 2005).
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